Concave cusps and negative curvature minima play an important role in theories of visual shape perception. Especially those theories that belong to the structural description variety (e.g., Biederman, 1987; Cooper, Schacter, Ballesteros, & Moore, 1992; Marr & Nishihara, 1978) depend heavily on them. They use concave cusps and negative curvature minima to find the borders between parts and, subsequently, describe a visual scene in terms ofparts and the relationships between them (Winston, 1975) .
The rationale for the use of concave cusps to find the structure of an object has been given by Hoffman and Richards (1984) . They described transversality regularity: When two arbitrarily shaped surfaces are made to interpenetrate, they always meet in a contour of concave discontinuity of their tangent planes. So, when an object has to be segmented into its constituent parts, as is proposed by structural description theories, concave discontinuities are natural places to split the contour. This idea has been formulated by Hoffman and Richards in their minima rule: Divide a surface into parts along contours ofconcave discontinuity. Hoffman and Richards subsequently generalized their partitioning rule to include negative curvature minima, which they considered smoothed cusps.
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the number of part boundaries present in the stimulus. According to Baylis and Driver (1994) , this outcomeimplied that a global shape description in terms of component parts was derived in parallel. This result was obtained with a single object presented at the fixation point, but evidence obtained from visual search tasks also shows that object structure is processed very rapidly. Rensink and Enns (1995) used Miiller-Lyer (ML) stimuli. They found that the total configuration of the ML stimuli influenced search. The component lines, on the other hand, did not influence the search rates. Wolfe, Friedman-Hill, and Bilsky (1994) reported that search for a target that is defined by a conjunction of colors is much easier when there is a part-whole relationship (red house with yellow windows) than when there is a part-part relationship (red house and yellow house). However, there are also limits to the fast processing of object structure. Brown, Weisstein, and May (1992) failed to find evidence that simple volumetric shapes are processed preattentively. Intheir experiments, they did find pop-out, probably caused by differences in two-dimensional features of the geonlike objects (Biederman, 1987) . But in four cases, different geons with an identical orientation were not discriminable preattentively. Wolfe and Bennett (1997) also reported several experiments in which differences in object structure did not produce pop-out (e.g., a chicken among shapes with rearranged chicken parts).
So, given that some aspects of object structure are processed in parallel, and given that concave cusps and negative curvature minima play an important role in determining object structure, itmight be expected that concave cusps and negative curvature minima are processed preferentially by the visual system (i.e., are features).
Search asymmetries have been proposed as a means by which to determine whether a certain image property is a feature (Treisman & Souther, 1985) . Taking A-B: the stimuli used by Wolfe and Bennett (1997) . C-D: the stimuli used by Elder and Zucker (1993) . tegration theory (Treisman & Gelade, 1980) as a starting point, Treisman and Souther suggested that pop-out will occur for both target-present and target-absent trials, when the target in a visual search task contains a distinctive feature. They suggested that the relevant feature map can be checked for the presence and the absence of activity. Consequently, search will be fast. If, on the other hand, the distractors possess the distinctive feature and the target does not, the relevant feature detector cannot be used, because it will always be very active, both in the present and in the absent trials. Ifthere is no other distinctive feature in the latter case, slow search will result. So, there is a search asymmetry: When the target contains the distinctive feature, search will be fast, and when the distractors contain the distinctive feature, search will be slow.
Search asymmetries have a similar interpretation in attentional engagement theory (Duncan & Humphreys, 1989 , an alternative to feature integration theory. According to Duncan and Humphreys, visual search has three components: a parallel description stage, a selection stage at which the input descriptions are matched against an internal template, and a stage at which selected descriptions enter visual short-term memory. The matching in the selection stage is influenced by the ease ofclassification and perceptual grouping. Duncan and Humphreys (1992) suggested that the internal template might be instantiated by enabled connections between feature maps and a master map. So, in attentional engagement theory, search asymmetries indicate differences in the availability of feature maps (necessary to specify the attentional template) too, along with differences in the extent to which perceptual grouping is possible between the elements in the display.
Despite the interest in the preattentive processing of object structure, there has been very little research directed at establishing the featural status of curvature minima and cusps. To our knowledge, there are only two relevant studies (Elder & Zucker, 1993; Wolfe & Bennett, 1997) . Both of them concern concave cusps. Wolfe and Bennett (1997) reported an asymmetry between search for a target with a concave cusp among totally convex distractors and search for a totally convex B(_ _) target among distractors with a concave cusp (shown in Figures lA and I B) . Search for the target with a concave cusp was very fast (9.6 and 3.4 msec/item for present and absent trials, respectively), whereas search for the totally convex target was much slower (28.9 msec/item for present trials and 39.6 msec/item for absent trials). These results suggest that a concave cusp is indeed a feature. ' However, the results of the second relevant study, reported by Elder and Zucker (1993) , cast doubts on this conclusion. Elder and Zucker performed an experiment, in which participants had to search for a biconcave target ( Figure IC ) among totally convex distractors ( Figure 1D ). Their results do not suggest that search for a concave target is effortless (12 msec/item for present trials and 48 msec/item for absent trials). Wolfe's (1998) combined criterion for feature search is not met. Neither are the slopes shallow, nor is the slope ratio between absent and present trials smaller than 2.0.
The results of the two studies thus differ markedly: Whereas Wolfe and Bennett (1997) find a pop-out of concave targets, Elder and Zucker ( 1993) do not. This discrepancy might be explained in several ways. A first explanation is that the concavities of the stimulus used in the experiment by Elder and Zucker were simply not conspicuous enough and, therefore, did not result in pop-out. The concave cusp in the stimulus used by Wolfe and Bennett is perceptually much more salient (Hoffman & Singh, 1997; Stevens & Brookes, 1988) . If this explanation holds, concave cusps are features after all. However, a second explanation is that it is simply the presence of any cusp that is effortlessly detected in the experiment of Wolfe and Bennett. Note that the concave cusp is the only cusp present in their shapes. The inefficient search found by Elder and Zucker corroborates this explanation. In their experiment, both target and distractor possess cusps (concave as well as convex). Consequently, it is not possible to search for a cusp to perform the detection task.
In sum, the featural status of concave cusps has not been established yet, because it has not been ascertained that it is necessary for a cusp to be concave to yield an asymmetry. The question of whether a cusp has to be concave to yield efficient search not only has implications for theories of shape perception. Recently, Goldsmith (1998) presented results that suggested that the unit of selection in a visual search task is an object, rather than a location. If search for a concave cusp differs from search for a convex cusp, this would be a corroboration of the results of Goldsmith. Afterall, the distinction between convex and concave is only possible when there is a figure and a ground.
We ran a series of experiments, to answer three related questions. First, do concave cusps have a featural status? Second, if so, is this featural status restricted to concave cusps, or do all kinds of concavities support pop-out? Third, if all kinds of concavities support pop-out, do concave cusps yet possess features that other concavities lack? The first question was answered by Experiments 1-2B. In Experiment 1, we tested whether there is a search asymmetry between searches for a shape that possesses a con- cave cusp among shapes that possess a convex cusp and vice versa. To exclude alternative explanations of the results of Experiment I, we designed Experiments 2A and 28. We addressed the second question in Experiments 3 and 4, where we tested whether we also find a search asymmetry when the cusps of Experiment I are replaced by circular arcs or negative curvature minima. Finally, in Experiment 5, we tried to answer the third question, by pitting a shape with a circular concavity against a shape with a concave cusp.
The stimuli used in Experiment I are depicted in Figures 2A and 2B. Both stimuli had equal area, equal width, and equal height. Both area and size have been suggested to be features (Rubin & Kanwisher, 1985; Treisman & Gelade, 1980) , and we therefore controlled for them. The main difference between our stimuli and those of Wolfe and Bennett (1997) is that, in our experiment, the totally convex shape also has a cusp. There were two differences from the stimuli of Elder and Zucker (1993) . First, the concave cusp was more conspicuous. Second, both target and distractor had one cusp only.
Ifparticipants search only for the mere presence ofany cusp, a search for both the convex and the concave shapes as a target would be inefficient, because both shapes possess a cusp. Consequently, contrary to Wolfe and Bennett (1997) , no search asymmetry would be found. On the other hand, if we find a search asymmetry, this would be strong evidence for the featural status of concave cusps. In all our experiments, we used the combined criterion for feature search, suggested by Wolfe (1998) . There should be shallow slopes when the target is present and shallow slopes when the target is absent. The slope ratio between absent and present trials should be significantly less than two.
EXPERIMENT 1 Method
Participants. Twelve participants (4 men and 8 women), all undergraduates at the University of Nijmegen, took part in this experiment. All had normal or corrected acuity by self-report. They received course credit for their participation.
Apparatus and Materials. The experiment was conducted on a 486 PC with a IS-in. SVGA (800 X 600) monitor. The displays consisted of a 6 X 6 grid, centered on the screen. Each element of the grid had a size of 2.4°X 1.9°. The objects were positioned at the center of an element. Target objects appeared in each of the four quadrants ofthe grid at each possible distance from the center. Distractor objects were positioned randomly on the grid. The orientation of an object was chosen randomly from 16 possibilities. The objects were solid white on a black background. Objects had one of two shapes: a shape with a concavity (Figure 2A ) or a totally convex shape ( Figure 2B ). Both had a height of 2.1°and a width of 1.35°and had equal areas. The concavity of the concave shape was a triangle with a base size of 0.76°and a height of 0.38°. The same triangle reappeared as the convex cusp on the top of the convex shape. Smooth curves were fitted to the triangle, to ensure that the apex was the only cusp in a shape (Hulleman & Boselie, 1997) . We used display sizes of I, 6, and 12 items.
Design. There were three within-subjects factors in the experiment: target type (convex shape or concave shape), display size ( I, 6, or 12), and presence (target present or absent).
Procedure. The participants sat in a normally lit room. They were instructed by a screen on which the target and the distractor were shown. They were told to search quickly and accurately for the target between the distractors, but they were not told which aspects of the stimuli they should use.
The experiment consisted of four blocks: a training block for the first target (36 trials); then, the experimental block for the first target (288 correct trials); subsequently, a training block for the second target (36 trials); and finally, the experimental block for the second target (288 correct trials). The target of the first experimental block was the distractor of the second, and vice versa. Error trials in the experimental blocks were repeated in chronological order at the end of the block, as were trials in which the reaction time was larger than 2,000 msec. There were breaks at the end of each block and at the end of the third quarter of the experimental blocks. Half of the participants were presented the convex shape as a target in the first experimental block, half the concave shape. The participants answered by pressing the button of a button-box. Half of the participants had to use their preferred hand to signal the presence of a target, the other half the nonpreferred hand. There were four combinations oftarget sequence and hand mapping. Three participants were randomly assigned to each combination. Stimulus presentation ran as follows: There was a high tone (1500 Hz) for 55 msec; then, the display was presented until response. The display was followed by a black screen for 1,500 msec, after which a new sequence started. In case of an incorrect response, there was a low noise burst of600 Hz for 200 msec.
Analysis. There were 576 correct trials available for each participant. Of these, 288 were trials with a convex target, and 288 were trials with a concave target. These trials were used in the reaction time analysis. For each participant, there was a varying number of incorrect trials. Those trials were included in the accuracy analysis. Trials that exceeded the time limit of2,OOO msec were not used in either analysis.
Results
The results are shown in Figure 3 . As can be seen from the reaction time data in Figure 3 , the difference between the slopes of present and absent trials was larger when the participants had to search for the convex target than when they had to search for the concave target. This was shown by the significant three-way interaction between target type, display size, and presence [F(2, I 0) = 10.63, p < .003] in a repeated measures multivariate analysis of variance (MANOVA) on the reaction time data. The two target types were analyzed in separate two-way (display size X presence) MANOVAs. When the participants searched for a concave target, the slope for the present condition did not differ from the slope for the absent condition [F(2,10) = 2.48, n.s.], although the slopes did differ from zero [F(2, 10) = 50.17, p < .001], and the reaction times were slower in the absent condition than in the present condition [F(l,II) = 5.18,p < .044]. When the participants searched for a convex target, the slope for the present condition was smaller than the slope for the ab-
For small display sizes, there were no more errors in the present displays than in the absent displays. For the largest display size, however,there were more errors when the target was present than when the target was absent 
Discussion
There was a clear asymmetry between the search for the concave target and the search for the convex target (see Figure 3) . Whereas the search for the concave target yielded very efficient search (5.5 and 7.9 msec/item for present and absent trials, respectively), the search for a convex target was inefficient (23.3 msec/item for present and 36.8 msec/item for absent trials). These results replicate those of Wolfeand Bennett (1997). However, this time we have excluded the possibility that any cusp was the feature used by the participants, by incorporating a convex cusp in the distractors. Nevertheless, it is too early to conclude that concave cusps are features. Finding a search asymmetry is not the same as identifying the feature that accounts for it. Any difference between the target and the distractor could be responsible for the asymmetry, and in our shapes, there were other differences than just the cusps.
For instance, it could be argued that it was not the presence or absence of a concave cusp but, rather, the difference in complexity between the target and the distractor that was responsible for the asymmetry. Search for a target that was more complex than the distractors would be efficient, whereas search for a target less complex would be inefficient. In the work of Scharroo, Stalmeier, and Boselie (1994) , there is some support for such a claim. They found that the detectability ofa target increases when the complexity of the distractors decreases. The issue of complexity is rather complicated, however. The complexity of shapes has been quantified in various ways, and the difference in complexity between the target and the distractor therefore depends on the quantification, because the complexity metrics do not always agree. For instance, according to the complexity metric introduced by Gamer (1970), both shapes in Experiment I were equally complex. Consequently, according to the Gamer metric, the results in Experiment I cannot be due to differences in complexity. However, according to Attneave's metric (1957), the convex shape was less complex than the concave shape. Attneave has shown that a larger number of independent turns entails a higher judged complexity ofshapes. When the convex cusp is replaced by a concave one, the number of independent turns increases. So, according to the Attneave metric, there was a difference in complexity between the shapes, which could have been responsible for the results in Experiment I. The more complex concave shape was found more easily than the less complex convex shape. Although the complexity metrics do not agree, and even though shapes containing a concavity are perhaps necessarily more complex than purely convex ones, we decided to investigate whether the search asymmetry found in Experiment I would be sensitive to a manipulation of the complexity ofthe target and distractor shapes. Such a sensitivity would strongly suggest that it was not the concave cusp but, rather, the difference in complexity introduced by the concave cusp that was responsible for the search asymmetry.
We designed the two new shapes depicted in Figures 2C  and 2D . Now, the concave shape is bilaterally symmetric, whereas the convex shape is asymmetric. Attneave (1957) showed that the introduction of symmetry reduces the judged complexity of shapes. In this pair of shapes, the difference in complexity according to the Attneave metric is much smaller than that in Experiment I. Moreover, according to the complexity metric introduced by Gamer (1970) , the concave shape is now the least complex of the two. If the search asymmetry in Experiment I is sensitive to manipulation of complexity, we should now observe a substantial change in the results. The search rates for the concave target ( Figure 2C ) should increase, whereas the search rates for the convex target ( Figure 2D ) should decrease.
EXPERIMENT 2A Method
Participants. Twelve participants (6 men and 6 women), all undergraduates at the University of Nijrnegen, took part in this experiment. All had normal or corrected acuity by self-report. They received either course credit or a small payment for their participation.
Apparatus and Materials. The experiment was the same as Experiment I in every respect, except for the shapes used. The concave shape was perfectly symmetric (see Figure 2C) ; the convex shape (Figure 20 ) was asymmetric. The shapes had a height of2.2°a nd a width of 1.6°. The size of the concavity was the same as that in Experiment 1.
Results
The results are shown in Figure 4 . As in Experiment I, we see that the difference in slope between absent and present trials was larger for the convex targets than for the concave targets. This was confirmed by a significant three-way interaction between target type, display size, and presence in a MANOVA on the reaction time data In the accuracy data, we see that the proportion of errors was approximately constant across display size for the concave targets but that there were many errors for the largest display size when there was a convex target present. This was supported by a significant three-way interaction between target type, display size, and presence [F(2,1O) = 7.06,p < .012], the absence ofany effects when the concave targets were analyzed separately, and a significant interaction between display size and presence in a separate analysis of the convex targets [F(2, I0) = 7.88, p < .009].
Discussion
Again, there was a clear asymmetry between the search for a concave target and the search for a convex one. As can be seen from Figure 4 , the slopes for the search for a concave target were again under 10 msec/item (7.4 and 8.3 msec/item for present and absent trials, respectively). The search for a convex target was much slower (24.8 msec/item for present and 43.3 msec/item for absent trials). Although the search rates for the concave targets were a little higher than those in Experiment I, this ......, 1200 was offset by an increase in accuracy. For all the largest display sizes (see Figures 3 and 4) , the proportion oferrors was lower in Experiment 2. This indicates that it was not so much the change in complexity but, rather, a tradeoff between speed and accuracy that was responsible for the small difference in the search rates for concave targets between Experiments I and 2A. The search rates for the convex targets did not support any sensitivity for complexity either, because they increased rather than decreased. Nevertheless, it is still too early to conclude that it is the presence of a concave cusp that is responsible for the search asymmetry.
Note, again, that the shapes in Experiment 2A differed in other properties thanjust concavity. The concave shapes now contained an axis of symmetry, whereas the convex shapes did not. Is it possible that a change in slopes owing to the manipulation of complexity was masked by this difference in symmetry? We think not. Recently, Olivers and van der Helm (\ 998) showed that it is very difficult to search for bilateral symmetry. In several experiments, in which participants had to search for a bilaterally symmetric target, they did not find any pop-out. In fact, Olivers and van der Helm never found any search rates below 30 msec/item for symmetric targets. However, in the data ofOlivers and van der Helm, there is a tendency for search slopes to become more shallow as the complexity of the stimuli decreases.
To find out whether the participants possibly used the symmetry in Experiment 2A, we ran a control experiment. In this experiment, the first shape ( Figure 2E ) was identical to the concave shape used in Experiment 2A, but this time, the asymmetric second shape ( Figure 2F ) possessed a concave cusp too. So, if it was symmetry that the participants used in Experiment 2A, we would expect another search asymmetry in Experiment 2B. However, if it was the concave cusp that was used in Experiment 2A, we would expect inefficient searches in Experiment 2B, because both shapes possessed one.
EXPERIMENT 2B Method Participants. Twelve participants (4 men and 8 women), all undergraduates at the University of Nijmegen, took part in this experiment. All had normal or corrected acuity by self-report. They received either course credit or a small payment for their participation.
Apparatus and Materials. The experiment was in every respect the same as Experiment I, except for the stimuli. In this experiment there were two concave shapes. The symmetric shape ( Figure 2E .3
. was the same as that used in Experiment 2A; the asymmetric shape ( Figure 2F ) was newly designed for this experiment. Both shapes had the same width, height, and area.
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Results
The results are shown in Figure 5 . This time, there was no difference between the target types; the symmetric and the asymmetric targets behaved almost identically. A three-way (target type X display size X presence) repeated measures MANOVA of the reaction time data showed no significant effect involving target type (all ps > .05).
Target-present trials had a smaller slope than target-absent trials, as was shown by a significant two-way interaction between display size and presence [F(2, 10) = 17.77,p <
.001].
In the accuracy data, there was an effect of target type. The difference between present and absent trials was smaller for the asymmetric targets than for the symmetric targets. This was confirmed by a significant three-way interaction between target type, display size, and presence in a MANOVA [F(2,10) 
Discussion
This time, we did not find a search asymmetry. Moreover, we did not find any sign of effortless search either. Search for a symmetric as well as for an asymmetric target was highly inefficient (symmetric target: present trials, 49.7 msec/item, absent trials, 76.0 msec/item; asymmetric target: present trials, 50.9 msec/item, absent trials, 69.7 msec/item). The error proportions were comparable with those in the previous experiments for the first display size, but they became very large for the two other display sizes. These high error proportions were caused by the 2,000-msec criterion for reaction times, which forced the participants to answer before they had completely searched the display. The task was rather difficult, but this was not caused by the confusability between the target and the dis- tractor. If this had been the case, we would have expected a large amount oferrors for the smallest display size. The differences in intercept between this experiment and Experiment 2A suggest that detection ofconcavities is faster than detection of symmetry. Both for present and for absent trials, the intercept is some 150 msec larger than that in Experiment 2A. However, some of this difference was caused by the 2,000-msec criterion for reaction times, which resulted in an underestimation for the reaction time for the largest display size.
Our results replicate those ofOlivers and van der Helm (1998). The absence of any interactions involving target type indicates that symmetry cannot be used to guide visual search. Consequently, the results reported in Experiment 2A were not caused by the symmetry ofthe concave shape. We can now safely conclude that concave cusps are features. A manipulation of complexity did not influence the search asymmetry, and this lack ofinfluence was not caused by a search for symmetry.
Since the answer to our first question-do concave cusps have a featural status?-is affirmative, we proceed to our second question: Is the featural status restricted to concave cusps, or do all concavities support pop-out?
There is reason to assume that it is not so much the type of concavity that determines whether it is considered a part boundary but, rather, its conspicuousness. Braunstein, Hoffman, and Saidpour (1989) ran an experiment in which they asked participants to draw part boundaries on an object containing both shallow circular concavities and deep negative curvature minima. None ofthe participants drew a part boundary at the circular concavities. This result was taken to indicate that only negative curvature minima were considered part boundaries. However, Siddiqi, Tresness, and Kimia (1996) reported an experiment in which participants drew part boundaries at both circular concavities and negative curvature minima. In this experiment, the curvature of the concavities was much higher. So, it seems that any concavity acts as a part boundary, as long as it is conspicuous enough. To test whether there is indeed no difference between concave cusps and other concavities in visual search, we decided to replicate our previous experiments, using a circular concavity instead ofa concave cusp.
We designed two new shapes. The first shape contained a circular arc ( Figure 2G ). The second shape ( Figure 2H ) was completely convex and also contained the circular arc a vex target ( Figure 2H ) had the same width and height, and it also contained the segment of the circle as a part of its contour.
EXPERIMENT 3 as part of its contour. If pop-out is restricted to concave cusps, this combination ofshapes should not yield a search asymmetry. 
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Discussion
As before, in Experiments 1 and 2A, we find a strong asymmetry. The shape with a circular concavity was perceived effortlessly (6.7 and 6.6 msec/item for present and absent trials, respectively), whereas the shape with the corresponding convexity was not (18.8 msec/item for present trials and 34.0 msec/item for absent trials). The
Results
The results are shown in Figure 6 . Again, we see the familiar pattern in the reaction time data. There was a difference in slope between absent and present trials for convex targets, whereas there was no difference in slope between absent and present trials for the concave targets. This was supported by a three-way interaction between target type, display size, and presence [F(2, 10) In the accuracy data, there was no effect of target type (all ps > .05). The number of errors increased with display size for the present trials, whereas it decreased for the absent trials. This was shown by the significant interaction between display size and presence [F(2, I0) = 11.45, P < .003]. There were somewhat more errors in the target present condition than in the target absent condition
2.0 1.5 1.0 0.5 0.0 Method Participants. Twelveparticipants (2 men and 10 women), all undergraduates at the University of Nijmegen, took part in this experiment. All had normal or corrected acuity by self-report. They received either course credit or a small payment for their participation.
Apparatus and Materials. The experiment was in every respect the same as Experiment I, except for the stimuli. The concave target ( Figure 2G ) had a height of 2.2°and a width of 1.6°. The concavity consisted of a segment of a circle with a radius of 0.42°. The con-"'" a circle (a = 2) did not have any marked influence on the search slopes. The slopes for the concave targets remained well below 10 msec/item for both present and absent trials. These results strongly suggest that the shape of the concavity does not matter and that search for any concavity is effortless. Although any concavity used in our experiments produced pop-out, it is not clear whether the visual system discriminates between different types ofconcavities in the earliest stages of visual processing. For instance, it is possible that a concave cusp contains a feature that circular concavities lack. We therefore ran a final experiment in which a shape with a circular concavity (Figure 21 ) was pitted against a shape with a concave cusp (Figure 21 ).
EXPERIMENT 5 results are similar to the results found in Experiment 2A. Because we removed the cusps of Figures 2A and 2C but kept the concavity, we conclude that the concavity is the effective feature. This means that pop-out is not solely restricted to concave cusps.
The concave cusp we used in Experiment 2A and the circular concavity we used in Experiment 3 are the two extrema of a shape continuum. The results we obtained thus far suggest that any type ofconcavity will pop out. To explore this possibility more thoroughly, we performed several experiments with concavities that had shapes that lay in between a cusp and a circle. To this end, we parametrized the shape of the concavity with the following equation:
For a = 0, this is the equation ofa straight line, and for a = 2, this is the equation of a circle with radius R. Increasing a from 0 to 2 yields an increasingly more circular concavity. We used three values of a (0.5, 1.0, 1.5) in our next experiment.
EXPERIMENT 4
Method Participants. Twelve participants (3 men and9 women), undergraduates and graduates attheUniversity ofNijmegen, took partin thisexperiment. All had normal or corrected acuity byself-report. They received either course credit ora small payment fortheir participation.
Apparatus and Materials.Theexperiment was inevery respect thesame as Experiment I, except forthestimuli. The circular concavity target ( Figure 21 ) had a height of2.2°anda width of 1.6°. The concavity consisted of a segment of a circle with a radius of 0.42°. The concave cusp target ( Figure 2J )hadthesame width andheight. The concavity oftheconcave cusp target was a triangle with a base sizeof 0.76°and a height of 0.38°.
The results are shown in Figure 9 . In the reaction time data, we did not see any differences between the target with a circular concavity and the target with a concave cusp. None of the effects involving target types was significant (all ps > .23) in a three-way (target type X display size X presence) repeated measures MANOVA. There was, however, a difference between present and absent trials. The slopes for the present trials were smaller than the slopes for the absent trials, as was shown by a significant interaction between presence and display size [F(2, 10) = 39.94,
In the accuracy data, we also did not find any difference between the targets with the circular concavity and the target with the concave cusp. Again, none of the effects involving target type was significant (all ps > .06). There was a very large difference in number of errors between present trials and absent trials for display sizes larger than one. This was supported by the interaction between presence and display size, which was significant [F(2,10) Siddiqi et al. (1996) with circular concavities are a case in point. We should, however, distinguish the perceptual function ofconcavities from the mechanism that mediates the pop-out in the visual search task. In the next section, we will propose a candidate mechanism responsible for pop-out.
Discussion
There was no sign of pop-out for either the target with a concave cusp (47.2 and 77.8 msec/item for present and absent trials, respectively) or the target with a circular concavity (52.0 msec/item for present trials and 78.3 msec/ item for absent trials). Although search for a target with a concave cusp was somewhat faster, there was no difference between the slopes. Neither was there a difference in the error proportions. The lack of differences indicated GENERAL DISCUSSION Our results are clear-cut. We found a search asymmetry for concave cusps in both Experiment I and Experiment 2A. When the shape with a concave cusp was used as a target and the totally convex shape was used as a distractor, we found pop-out. When the roles were reversed, pop-out did not occur. In Experiment 2A, we showed that the results obtained in Experiment I were not sensitive to manipulations of complexity. According to the complexity metric of Attneave (1957), we halved the complexity of the concave shape by making it perfectly symmetric, and we increased the complexity of the convex shape by increasing its asymmetry. Even so, the results did not change. Search rates remained well below 10 msec/item, and error rates for the largest display sizes became even lower. Any variation in slope or intercept for the concave targets between Experiments 1 and 2A is more parsimoniously explained by speed-accuracy tradeoff than by influences ofcomplexity. Moreover, there was no decrease in the search slope for the convex target shape, despite an increase in its complexity.
It could be argued that a change in search slopes owing to the manipulation of the complexity of the convex and concave shapes was masked by a difference in symmetry. Recent research into the detection of bilateral symmetry by Olivers and van der Helm (1998) makes this possibility rather unlikely, but in the data ofOlivers and Van der Helm, there was a trend toward more shallow search slopes when the stimuli became less complex. To be certain, we explicitly tested the usefulness of bilateral symmetry for detection purposes in Experiment 2B. We did not find any sign of pop-out; moreover, error rates were massive when the display sizes were larger than one. This supports the hypothesis that participants are unable to use bilateral symmetry and, therefore, that the bilateral symmetry was not responsible for the pop-out in Experiment 2A.
In Experiments I and 2A, we have shown that there is a difference between search for a concave cusp and search for a convex cusp. A target with a concave cusp pops out among distractors with a convex cusp, whereas a target with a convex cusp does not pop out among concave distractors. This implies that the unit of selection in visual search is an object. rather than a location. Only for objects is there a difference between concavities and convexities. Our results are in accord with those of Baylis and Driver (1995) , who proposed that every contour is assigned to a single figural region and is subsequently segmented into component parts.
In Experiments 3 and 4, we showed that pop-out is not restricted to concave cusps, but that search for a range of different concavities is very efficient. Moreover, in Experiment 5, we showed that concave cusps do not have any extra distinctive feature. From our results, we conclude, therefore, that concavities can act as basic features in visual search, provided that they are salient enough (Hoffman & Singh, 1997) . A lack of salience seems to be the reason that Elder and Zucker (1993) did not find pop-out in their experiment. Our results also suggest that any salient concavity is treated as a part boundary by the visual system.
What is it that constitutes the distinctive feature in a concavity? An interesting proposal has been made by Burbeck and Pizer (1995) , who adapted the symmetric axis transform introduced by Blum (1973) . They proposed that boundaries of objects are related to each other at a scale determined by an object's width, yielding so-called cores.
The interesting point in their model is that there are two types of cores: cores that lie inside an object and cores that lie outside an object. The second variety is produced only when an object contains a concavity. So, it is possible that participants detect the presence or absence of an external core. Both the lack of difference between the different concavities and the inefficient search for shallow concavities follow from their model. As can be seen from the simulations of Burbeck and Pizer, external cores are formed by every type ofconcavity, but only when the concavity is conspicuous enough.
According to Burbeck and Pizer ( 1995) , cores that support high-resolution spatial judgments are not formed in parallel across the scene. However, the present task does not seem to require any high-resolution judgment. The mere detection ofan external core at a reasonably coarse scale is enough.
The core model has received some support from work by Kovacs and Julesz (1994) , who found enhanced contrast sensitivity in locations where Burbeck and Pizer (1995) would predict strong cores. The shapes used in the experiment were totally convex, however, and a similar experiment in which shapes containing a concavity are used remains to be performed.
The distinction between concavities and convexities in the earliest stages of visual processing perhaps sheds some light on the discussion of whether there is a topologically based set of form features (Chen, 1982 (Chen, , 1990 Rubin & Kanwisher, 1985) . After all, the change in topology of a shape by the introduction of a hole also means the introduction of a concavity.
. On the basis of the search asymmetries reported here, we conclude that concavities can act as basic features in visual search. They belong to the category of form features, which, according to Wolfe (1994) , are the most problematical and most debated of the basic features. It has been suggested by Enns and Rensink (1991) that preattentive vision is capable of some quite sophisticated processing. Since concavities are not a conjunction of more elementary properties, our results are a case in point.
